We calculate the complete next-to-leading order (NLO) QCD corrections to the J/ψ + W associated production within the factorization formalism of nonrelativistic QCD at the 7 T eV LHC. We provide the numerical results for the leading-order (LO), NLO QCD corrected differential cross sections of the J/ψ transverse momentum by adopting the event selection criteria requested by the ATLAS experiment. We find that the differential cross section at the LO is significantly enhanced by the NLO QCD corrections. : 12.38.Bx, 12.39.St, 14.60.Lc 1 Recently, after we published our work on the QCD corrections to J/ψ production in association with a W -boson at the 14 T eV LHC [1], Darren Price in the ATLAS experiment suggested us to extend our study to the colliding energy of 7 T eV , and asked for theoretical predictions for the corresponding differential cross sections in the restricted kinematic regions of the final particles. In
studies [1, 2] suggest W ± +prompt J/ψ production should be dominated by colour octet processes.
However, recent work [3] suggests that in 7 TeV pp collisions color singlet (CS) and color octet (CO) contributions are comparable. Measurements of the production cross sections can help to distinguish between these models.
We calculate the pp → J/ψ + W + X process by applying the covariant-projector method [4] in the NRQCD framework. In the leading order (LO) calculations, only the Fock state 3 S J Fock states. In our calculations, we apply the dimensional regularization (DR) scheme to regularize the UV and IR divergences, and the modified minimal subtraction (MS) and on-mass-shell schemes to renormalize the strong coupling constant and the quark wave functions, respectively. In Fig.1 , we present the divergence structure and divergence cancellation routes in the NLO calculation for the pp → J/ψ + W + + X process. The two cutoff phase space slicing method (TCPSS) [5] has been employed for dealing with the soft and collinear singularities in real gluon/lightquark emission corrections.
We take CTEQ6L1 PDFs with the one-loop running α s in the LO calculations and CTEQ6M PDFs with the two-loop α s in the NLO calculations [6] , respectively. For simplicity we define µ ≡ µ r = µ f and take the renormalization/factorization and NRQCD scales as µ = m J/ψ T The divergence structure and divergence cancellation routes in the NLO calculations for the pp → J/ψ + W + + X process.
5.6 × 10 −3 Table 1 : Two sets of CO LDME for J/ψ. Set 1 are extracted via a global fit from various hadroproduction, photoproduction, two-photon scattering and electron-positron annihilation experiments [7] . Set 2 are extracted by fitting the differential cross section and polarization of prompt J/ψ simultaneously at the Tevatron [8] .
respectively, where m and α = 1/137.036. We use two sets of color-octet (CO) long distance matrix elements (LDME) listed in Table 1 as the input parameters, which were obtained by fitting the differential cross section and polarization of inclusive J/ψ production data from various experiments [7, 8] .
We calculate the LO and NLO QCD corrected cross sections for the pp → J/ψ + W → J/ψ + µ + ν µ + X process at the 7 T eV LHC by adopting the following kinematic cuts on the final particles according to the requests of the ATLAS data analyses:
, and φ µ − φ ν is the angle between muon and neutrino in the transverse plane [9] . Table 2 : The cross sections for the pp → J/ψ + W → J/ψ + µ + ν µ + X process at the 7 T eV LHC in the p J/ψ T and the J/ψ rapidity intervals by taking the Set 1 LDME parameters. Table 3 : The cross sections for the pp → J/ψ + W → J/ψ + µ + ν µ + X process at the 7 T eV LHC in the p J/ψ T and the J/ψ rapidity intervals by taking the Set 2 LDME parameters.
In our calculations the uncertainty for theoretical prediction mainly comes from two parts: the short distance part and the long distance part. For the former part, the dependence of the cross section on the renormalization scale µ r and factorization scale µ f induces theoretical uncertainty.
For the later part, the values of CO LDME for the J/ψ extracted from the experiments by different experimental groups vary significantly. In the following tables and figures, we will give the results by adopting two set of CO LDME and two typical scales (µ = m
In Table 2 and Table 3 , we provide the cross sections for the pp → J/ψ + W → J/ψ + µ + ν µ + X process at the 7 T eV LHC in the p J/ψ T and the J/ψ rapidity intervals by taking the two different set of LDME parameters. In each table, we list the differential cross sections for µ r = µ f = m J/ψ T and µ r = µ f = m W , respectively. We adopt the event select criteria with the cuts of p dσ/dp J/ψ T (Pb/GeV) the pp → J/ψ + W → J/ψ + µ + ν µ + X process is obtained via the cross section for pp → J/ψ + W + X multiplying the branching fraction for the W → µν µ decay, which is taken as 10.57% [10] .
In Figs.2(a,b) and Figs.3(a,b) , we present the the LO and NLO QCD corrected distributions of the transverse momentum of J/ψ for the pp → J/ψ + W → J/ψ + µ + ν µ + X process at the 7 T eV LHC in the region restricted by the conditions shown in (0.1) by adopting the Set 1 LDME parameters.
The renormalization/factorization scales are set to be µ = m J/ψ T and µ = m W in Figs.2 and Figs.3, separately. In Figs.2(a,b) and Figs.3(a,b) , we give the predictions for the transverse momentum distributions of J/ψ in two rapidity intervals on the J/ψ: |y J/ψ | < 1.0 and 1.0 < |y J/ψ | < 2.1. As a comparison, we also depict the contributions from the 1 S Figs.2(a,b) and Figs.3(a,b) . The short distance part of the differential cross section contributed by
J (J = 0, 1, 2) Fock states is negative, and the LDME < O J/ψ [ 3 P (8) 0 ] > with Set 1 LDME parameters is also negative. The differential cross section contributed by the 3 P In Figs.4(a,b) and Figs.5(a,b) , we give the LO and NLO QCD corrected distributions of the transverse momentum of J/ψ for the pp → J/ψ + W → J/ψ + µ + ν µ + X process at the 7 T eV LHC taking the Set 2 LDME parameters in the region restricted by the fiducial cuts on final particles dσ/dp J/ψ T (Pb/GeV) -dσ/dp T dσ/dp J/ψ T (Pb/GeV) -dσ/dp T dσ/dp J/ψ T (Pb/GeV) 
J (J = 0, 1, 2) Fock states is negative, while the LDME < O J/ψ [ 3 P (8) 0 ] > with Set 2 LDME parameters is also positive, thus the contribution from 3 P In summary, we provide the predictions on the J/ψ + W associated production within the factorization formalism of the nonrelativistic QCD at the 7 T eV LHC using the parameters and kinematic constraints suggested by the ATLAS experiment. We show the distributions of the transverse momentum of J/ψ for the pp → J/ψ + W → J/ψ + µ + ν µ + X process in a region constrained by putting the cuts on final particles shown in (0.1), and using the two set of LDME parameters and two typical energy scales separately. Our results show that the theoretical uncertainties come from the choices of the scales and the CO LDME parameters.
